To determine the frequency of arm port catheter fracture and embolization related to the Cook Vital Port Mini Titanium. Materials and Methods: A retrospective audit of our Cerner Radiology Information System was performed between June 1, 2006, and June 30, 2011, to determine the number of Cook arm venous ports implanted and the frequency of foreign body retrievals related to catheter fracture for these arm ports.
R esultats : Au total, l'analyse a port e sur 691 insertions de syst emes Vital Port de Cook dans le bras au cours de cette p eriode de cinq ans. Onze patients (1,6 %) ont dû subir une intervention au service de radiologie interventionnelle pour le retrait par voie intraveineuse d'un corps etranger li e a la fracture et a l'embolisation du cath eter. Trois de ces cath eters bris es ont et e retir es du syst eme veineux p eriph erique en amont de la circulation pulmonaire, alors que huit se sont d eplac es jusqu'aux art eres pulmonaires. Le service de radiologie interventionnelle a retir e tous les cath eters par voie intraveineuse au moyen d'un lasso. During a routine follow-up visit to the local cancer clinic, a chest radiograph revealed that the catheter of a patient's Cook Vital Port Mini Titanium port (Cook Canada Inc, Stoufville, ON) had fractured and was seen superimposed upon the mediastinum and left hilar region ( Figure 1, A and   B ). The catheter was fractured at the entry site of the catheter into the arm vein ( Figure 2 ). This complication had not been encountered during a previous review of the implantation of 125 of these devices [1] . In a previous case report, Burbridge [2] described the circumstances that surround catheter fracture and embolization related to arm placement of this device. We were unable to find any other case reports specific to catheter fracture related to the Cook Vital Port. Weickhardt et al [3] discuss catheter fracture as a complication of the Cook device in a study that compared arm port and chest port systems. However, their catheter embolization episodes were related to ''fracture of the connection between the subcutaneous port and the connected catheter'' [3] , not a fracture in the catheter at the vein insertion site. Marcy et al [4] discussed complications related to 1000 Bard arm port catheters (Bard Inc, Salt Lake City, UT) but did not document catheter fracture with associated catheter embolization when using this device. In addition, Kawamura et al [5] documented longterm complications of arm ports in 113 consecutive (Bard SlimPort and Cook Titanium Vital Port) and did not report catheter rupture, fracture, or embolization. To determine the frequency and outcome of catheter fracture and embolization related to this device, we embarked upon a comprehensive review of this complication. As such, we performed an audit of our radiology information system (RIS) to determine how many Cook Vital Ports had been implanted in patients' arm during a 5-year period and how many foreign body retrievals had been performed to extract fractured catheters from patients in this same cohort.
Materials and Methods
Ethical review was waived by our local ethics in research board. Our Cerner Quadris RIS (Cerner Canada Ltd, Markham, ON) was queried for the total number of Cook arm port venous access devices implanted in the 5-year period between June 1, 2006, and June 30, 2011. In addition, any ''foreign body retrieval'' performed in the medical imaging department was extracted from this RIS database. This audit of the RIS data encompassed all of the tertiary care centers in our region and captured all the data for these types of procedures performed for a catchment population of approximately 550,000 people. Port placement and intravascular foreign body extractions related to ports were not performed at any other facilities in our catchment area.
Data analysis pertains only to the Cook Vital Port Mini Titanium because there were no other arm or chest ports being inserted by interventional radiologists during the period of the audit. All of the Cook arm vein ports had been implanted in the same vascular/interventional suite by trained interventional radiologists. All of the radiologists involved had more than 2 years of experience implanting this device during the time of the audit. All of these arm ports were implanted to facilitate the provision of chemotherapy in the cancer clinic. The port consists of a miniaturized stainless-steel metallic port with a silicone septum attached to a 5F silicone catheter.
The Cook arm port system implantation consisted of inserting the catheter for the arm port system into the basilic or brachial vein on the medial side of the arm by using ultrasound or venographic guidance. A port pocket was created lateral to the venous access site, on top of the bicep muscle, and the catheter was tunneled to the port for attachment. The port and the catheter were buried subcutaneously distal to the skin incision site. All of the ports were implanted in the upper arm cranial to the antecubital fossa. We only accessed the cephalic vein as the vein of last recourse; this was a very infrequent occurrence. All the procedures were performed under sterile technique by using only local anesthetic. A detailed description of the technical elements of placement of the Cook Vital Port in the arm, used by all of the radiologists at our institution, was previously discussed by Burbridge et al [1] .
Results
During the 5-year time frame in question, 691 Cook Vital Ports were implanted in patients' arm at our institution.
There were 11 foreign body retrievals (1.6%), related to catheter fracture for these 691 arm ports. The images and transcribed reports related to all of the catheter extraction procedures were reviewed. There were 2 men and 9 women who experienced catheter fracture and embolization. The pertinent clinical parameters of those patients are summarized in Table 1 . Patient age ranged from 35-68 years (mean 54.5 years, mode 54 years). The total number of catheters days for this 11-patient cohort was 7503, which ranged from 68-1729 days. The mean catheter dwell time was 682 days, whereas the mode was 659 days. The catheter dwell time, before catheter fracture, for each of the 11 subjects with fractured catheters is presented in Figure 3 . All of the catheter fractures occurred at the catheter entry site into the arm vein, approximately 3-4 cm cranial to the attachment of the catheter to the port chamber ( Figure 2 ). None of the catheters detached from the port itself. All 5 radiologists involved with port placement had at least 1 patient who experienced a catheter fracture. The incidence of catheter fracture per radiologists ranged from 1-4, with a mode of 2 catheter fractures per radiologist. Three of 11 of these catheters (27.3%) remained in the peripheral venous system of the arm, whereas 8 of 11 (62.7%) embolized to the pulmonary arterial circulation.
Discussion
The Cook Vital Port Mini Titanium is a reliable device for the provision of intravenous chemotherapy. It is simple to implant and is well tolerated by the patients with low complication rates [1] . Only when we audited our RIS did we come to realize that catheter fracture and embolization were more prevalent than we had expected, occurring in 1.6% of patients with this device implanted.
We audited the MAUDE (Manufacturer and User Facility Device Experience) database of the U.S. Food and Drug Administration to assess reported complications associated with the following search parameters, ''event type, malfunction''; ''brand name, Vital Port''; and ''manufacturer, Cook'' [6] . There were 57 adverse events reported for this device in the 21-year period between January 1, 1990, and October 25, 2011. Twenty-five of these 57 events (44%) were related to catheter fracture at a location upstream of the vein port attachment to the body of the catheter. Only one of these catheter fracture events definitively occurred related to an arm implantation site. Eight of the catheter fractures were associated with a chest implantation site, and 16 were related to an unspecified site of implantation of the device.
Long-term intravenous chemotherapy can be administered via port systems from a peripheral (arm) or central (chest) approach or via external tunneled catheters such as Hickman lines. Both port systems have the benefit of lower infection rates, minimal impact upon patient arm mobility, and fewer activity restrictions than external catheter systems [7] . Indeed, chest port systems have been shown to be safer than external catheter systems [8] . Arm port systems have the advantage of being easy to implant and are physically smaller devices, which minimally impacts the patient's body image. Arm ports can be implanted without the risk of carotid artery injury, subclavian artery injury, or pneumothorax associated with the implantation of chest-wall port systems. In addition, the classic catheter ''pinch-off'' complication associated with subclavian venous access is avoided by accessing a peripheral venous site [9] .
Both peripheral and central port systems have potential complications. These include port infection, systemic infection, port occlusion, venous thrombosis, catheter rupture, catheter fracture, and catheter embolization to mention a few possibilities. None of these complications is unique to either port system. Weickhardt et al [3] compared radiologically guided arm placement vs chest placement of the Cook Vital Port (Cook Medical, Bloomington, IN) in a cohort of 141 patients [3] . Of this cohort, 92 port devices were implanted in the arm, whereas 49 were implanted in the chest. Three of the catheters in the arm placement group (3.3%) fractured, with 2 of these catheters embolizing to the pulmonary circulation. All 3 of the catheter fragments were snared by interventional radiologists to extract them. The site of catheter dehiscence in the patient cohort was ''at the connection between the subcutaneous port and the connected catheter'' [3] . None of the catheter fractures were reported to be at the vein insertion site. None of the chest cohort experienced catheter fracture or embolization. No cause for the disparity in catheter performance was identified by these investigators.
Lorch et al [10] assessed the Cook Vital Port, implanted with radiologic guidance into the chest-wall location for a group of 125 patients. They described 1 patient who experienced a catheter rupture (leak) due to ''pinch-off,'' but no episodes of complete catheter fracture or embolization [10] . Burbridge et al [1] did not detect catheter rupture, catheter fracture, or catheter embolization among a group of 125 who had the Cook Vital Port implanted in the arm with radiologic guidance [1] . No other data specific to the Cook Vital Port Mini Titanium could be gleaned from the published literature.
A review of the literature that assessed for the frequency of catheter rupture, catheter fracture, and catheter embolization for a wide variety of different types of ports implanted in the arm by interventional radiologists failed to detect any of these specific complications [5,11e17] .
Burbridge et al [1] followed up 125 subjects from the time of port implantation to the date of port removal or death. The total catheter days for this cohort were 33,221, with a mean implantation time of 265 days and a range of 2-1278 days. There were no occurrences of catheter fracture or embolization. The dwell time of the catheter was probably not the only factor that led to catheter fracture, because the range for our current cohort was between 68 and 1729 days, and there does not appear to be a clustering of catheter fractures beyond a critical duration of implantation.
Our study was a limited analysis, which sought a particular complication, that is, catheter fracture with embolization. It is possible that the data may underrepresent the true incidence of catheter fracture because some of the patients may have been lost to follow-up due to death, migration, or lack of clinical follow-up. In addition, some of the patients in our cohort have had their arm port system in for a limited period of time and may experience catheter rupture later in their clinical course as their port system ages.
It is not possible to determine the cause for catheter fracture and embolization in our series of patients. Wear and tear related to arm movement or a tight, fibrotic vein entry site are possibilities. We did not monitor our patients for types of physical activity, but, given that the mean age of our cohort was 54.5 years and that all of the subjects had a malignancy, it is unlikely that they were engaged in intensive physical activity that could unduly stress the catheter. There do not seem to be any technical events related to implantation that can be elucidated as a possible cause.
Of the 11 catheters that fractured, 5 fractures occurred in the right arm and 6 occurred in the left arm. Given that roughly 10% of individuals are left-hand dominant, the possibility of overuse of the dominant arm seems unlikely because more fractures occurred in the left arm [18] . Further investigation is warranted in an attempt to determine the cause for these complications and to prevent port failure related to catheter fracture with this device.
